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Introduction
The importance of natural convection heat transfer in porous media stems from the fact that it has so many applications in engineering and practice such as geothermal energy, energy systems storage, compact heat exchangers, buildings insulation, solar collectors, nuclear engineering and cooling of radioactive waste containers, etc.. [1, 2] .
During the past decades, many researches have been done for natural convection heat transfer in a rectangular or square enclosure filled with a fluid saturated porous medium differentially heated from the vertical walls while the horizontal walls are insulated. Bejan and Poulkakos in 1984 [3] described the heat transfer and fluid flow through a confined porous layer heated and cold along one of the vertical side walls. They studied two cases: the first case is when the heating-side effect is positioned above the cooling-side effect. They showed that natural circulation is either one of the incomplete vertical penetration, or one of incomplete horizontal penetration. The second case is when the heated portion of the side wall is located below the cooled portion. In this case the flow spreads throughout the porous medium. Lai and Kulacki in 1988 [1] studied numerically the natural convection in a twodimensional layered porous cavity heated from the side wall. They emphasized on the effects caused by the sub-layer thickness ratio, permeability contrast and non-uniform conductivity in a system comprising two layers. A wide range of these parameters have been covered in their calculation. It has been observed that the heat transfer and fluid flow are affected with these parameters. Varol et. al. in 2008 [2] performed an estimation of thermal and flow field due to convection using SVM (support vector machines, a soft programming techniques) in porous cavity with discrete heat sources. They used three isothermal heaters to heat the left vertical wall, while the right vertical wall is kept at a lower temperature. They observed that SVM was a useful technique in estimating streamlines and isotherms. Varol et. al. in 2009 [4] conducted numerical study to investigate the steady free convection flow in a twodimensional right-angle trapezoidal enclosure filled with a fluid saturated porous medium. In their study, the left vertical wall of the cavity was heated, the inclined wall was partially cooled and the remaining walls were insulated. Three different locations of the cooler were investigated. The effect of modified Rayleigh number and aspect Ratio on heat transfer and fluid flow are also presented. It is noticed that there exist significant changes in the flow and temperature fields as compared with those of a differentially heated square porous cavity.
In the case of no-porous media, Fredrick et. al. in 1989 [5] numerically investigated the natural convection of air in a square cavities with half-active and half-insulated vertical walls for different values of Rayleigh number. Aydin and Yang in 2000 [6] numerically investigated the natural convection of air in a two-dimensional, rectangular enclosure with localized heating from below and symmetrical cooling from the sides. Erbay L.B. et. al. in 2004 [7] numerically investigated the entropy generation in a square enclosure with partial heating, from a vertical lateral walls. Nithyadevi et. al. in 2007 [8] performed numerical investigation of the effect of the aspect ratio on the natural convection of a fluid contained in a rectangular cavity with partially thermally active side walls. Koca et. al. in 2007 [9] numerically analyzed the effect of Prandtl number on natural convection heat transfer and fluid flow in triangular enclosures with localized heating. Oztop et. al. in 2008 [10] carried out a numerical study on heat transfer and fluid flow due to buoyancy forces in a partially heated enclosure using nanofluids.
To the best Knowledge of the author, there is no study on the effect of partially thermally active side walls in a rectangular cavity containing porous media. Thus, the objective of the present study is to document the heat transfer effect with the presence of partial heating and cooling on the sides of enclosure containing porous media.
Physical Modeling
The physical situation of the problem under study with the coordinate system and boundary conditions is depicted in Figure (1) , it represent one of the nine cases under study. It is a two-dimensional square cavity of length (L) filled with fluid saturated porous media. The left-hand side wall is partially heated and maintained at uniform temperature ( H T ), while the right-hand side is partially cooled and maintained at uniform temperature ( C T ).
The reminder parts of walls are insulated. The length of the active parts is half the length of corresponding wall (L/2). The position of the hot part is changed from top to bottom (top, Centre, and bottom), while the cold part is changed from bottom to top (bottom, Centre, and top). Depending on the location of the hot-cold parts, nine situations are studied in this investigation. 
Equations
In this investigation, some assumptions were made to write governing equations such as that the porous matrix is rigid and isotropic in thermal conductivity, the porosity and permeability of the homogeneous porous medium are uniform, the fluid is assumed as Newtonian, incompressible and the flow is laminar. The fluid and solid properties are also constant except the density of fluid which changes with the temperature that is Boussinesq approximation applied. Finally, it is assumed that the fluid and porous medium are in thermal equilibrium and the fluid motion is described by Darcy's law. With the non-dimensional variables defined below:
Equations (1) and (2) can be written in non-dimensional form as follow:
Where The average Nusselt number is calculated on the hot and cold walls as follows:
Numerical Solution
A FORTRAN computer program utilizing finite difference method is used to solve numerically the non-dimensional governing equations (equations (3) and (4)) with the boundary conditions (equation (6)). The region of interest was covered with m vertical and n horizontal uniformly spaced grid lines. An iterative process is employed to find the stream function and temperature fields. The process is repeated until the following convergence criterion is satisfied 
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The Nusselt number ( Nu ) values calculated at different grid sizes. It is noticed that the difference in ( Nu ) values between grid size (71 x 71) and (81 x 81) is approximately less than (0.55 %) for all cases at Ra m = 500. Another test is made to check the rate of heat transfer at the active walls. It is found that, in some cases, there is an unacceptable difference between them. For these cases, a grid size (251 x 251) has been used to reduce the difference less than 1.9 %.
To check the validity of the present computer program, it is run with conditions similar to that of previous work. Tables (1 and 2 ) list a comparison with the previous work. The results show good agreement. Depending upon this comparison, the present code is valid to study the present problem. 
Results and discussion
This investigation is performed to study numerically the steady state laminar natural convection heat transfer in a square porous cavity with different locations of partial thermally active vertical walls and modified Rayleigh numbers (50 -500). Figure ( 2) ,the increasing of Rayleigh number lead to the increase in the strength of convection mode ( e.g. Ψ max = -4.14 at Ra m = 500 ) as a result of increasing the buoyancy force. Also, a trend to form a two flow cell is noticed with increasing Rayleigh number. The centre of each cell shifted toward the adjacent thermally active portion. On the other hand, the temperature distribution is modified to be parallel to the horizontal wall at the Centre of the cavity. Changing the location of the hot portion affects the configuration of the isograms. Figure (3) represents the streamlines and isotherms for the case of Central -Lower thermally active location. It is obvious that the formation of two flow cells needs higher values of Raleigh number in comparison with that for the UpperLower thermally active location. Furthermore, the temperature distribution covers about 3/4 of the cavity at high Rayleigh number. In contrast, the flow filed for the case of lowerLower thermally active location, Figure (4) , is a one cell and the temperature distribution occupies the lower half of the cavity.
When the cold portion is held fixed at the centre of the right wall and the hot portion on the left side and its position to changed from top to bottom, different isograms is obtained . Figure (5 -7) shows the streamlines and isotherm for the three combinations at Rayleigh numbers 400 and 500. On the other hand, the case of Central -Central thermally active location in Figure  (6) shows a single flow cell occupying the whole cavity and the flow tries to be divided into two cells as shown.
The case of Lower -Central thermally active location in Figure (7) shows also a single flow cell with the centre going to the hot active portion. Here, the flow is stressed at the lower part of the cavity.
The final case is represented in Figure (8) for Rayleigh number 500. In this case, the cold portion on the right wall is located at the upper half of the wall and the hot portion on the left wall is moved from top to bottom. Figure (8 -a and b) illustrates the cases of Upper -Upper and Central -Upper thermally active location which are the mirror image of the cases of Lower -Lower and Lower -Central thermally active location respectively. Figure  ( The maximum rate of heat transfer takes place when the arrangement is Lower -Upper thermally location because the convection mode is very strong. On the other hand, the variation of average Nusselt number ( Nu ) with Rayleigh number (Ra m ) for the case of upper heating and the cold portion changed from up to down is shown in Figure (11) . It is obvious that the minimum rate of heat transfer takes place when the arrangement is Upper -Lower thermally active location. Table ( 3) shows a summary of the results for all cases under study. 
where a and b are constants listed in Table(4) . 
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Conclusions
Numerical investigation is conducted to study the effect of partially heatingcooling on natural convection in a square cavity. Effects of Rayleigh number and arrangements of hot -cold portion were chosen as governing parameters. It was observed that:
1. The arrangements of active portions play an important role on flow, temperature fields and heat transfer.
